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phoresis. Efficient chromatographic separation can be achieved with this
combination.

These methods are ready to use now for land-based applications, but
are expensive. Oceanographers are aware of many MS methods, but be-
cause of the cost, such methods are not readily available. This problem
could be solved by a time-sharing arrangement or the development of na-
tional facilities. Mass spectrometers are in general too bulky and require
too much stability and power to be used on board ocean-going vessels.
Quadrupole mass spectrometers are sometimes taken to sea, however, for
various biological experiments, such as studies of respiratory gas exchange
by marine organisms. With further advances in ion traps, more MS devices
may be used on board ships. Unfortunately, the only way to determine
analytes quantitatively is to calibrate the equipment with identical, isotopi-
cally labeled molecules. New developments, particularly using internal
standards in chromatographic combinations, may alleviate this problem.

Accelerator mass spectrometry (AMS) is now being applied to measure
the age of carbon in seawater. AMS is revolutionizing the measurement of
light isotopes such as 14C in dissolved CO2 as well as DOC in seawater,
requiring as little as a few hundred milliliters of sample. The older beta
decay counting methods required 150-liter samples that were difficult and
expensive to obtain. An AMS facility began operating at the Woods Hole
Oceanographic Institution in 1991 at a cost of several millions of dollars.
Seawater samples collected by the WOCE program will be analyzed in this
facility. This AMS facility may also eventually be used for measuring 10Be
for marine geology research.

Inductively coupled plasma-mass spectrometry (ICP-MS) is revolution-
izing the measurements of refractory metals, such as titanium, and can pro-
vide a wealth of isotopic information that could only be obtained previously
with great difficulty. ICP-MS has been used as a fast and sensitive tech-
nique for measuring 230Th in marine sediments (Shaw and Francis, 1991)
and barium in seawater (Klinkhammer and Chan, 1990). For the future,
advances in the capabilities of mass spectrometers can be expected (Table
4), developed by interdisciplinary groups of academic, government, and
industry scientists. It is unlikely, though not impossible, that MS tech-
niques will be appropriate for buoy development.

ELECTROCHEMICAL TECHNIQUES

This section focuses on techniques designed to probe the interaction of
an electrode with a seawater sample, especially those that derive a signal
from oxidation-reduction reactions. From the point of view of measure-
ments important to chemical oceanography and ocean science, the following
electrochemical techniques have the most likelihood of application in the